. 10, 11) In general, oxidation of HDL is found to result in a loss of cardio-protective properties. For example, the antioxidant ability of HDL to protect LDL from atherogenic modification is lost upon Cu 2ϩ -mediated oxidation of HDL. 12, 13) As a part of our screening program to find antioxidant compounds from natural sources, we have attempted to determine the human density lipoproteins oxidation inhibitory constituents of medicinal plants in Korea. Coptidis Rhizoma (root of Coptis chinensis FRANCH, Ranunculaceae) has been used to treat diabetes mellitus for more than 1000 years in the history of Chinese medicinal remedy. It has long been used for treating gastroenteritis, diarrhea, anti-tumor, and antimicrobial. [14] [15] [16] [17] Coptidis Rhizoma is currently used for several skin diseases including acne, neurodermatitis, skin ulcers, 18) and dermatological indications. 19) Moreover, Coptidis Rhizoma is prescribed as a crude drug in folk medicines, such as Oren-gedoku-to and San'o-shashinto, for several vascular disorders. It was useful as an alternative therapy for hypercholesterolemia, effective in preventing hypercholesterolemic atherosclerosis and lowering the relative risk of coronary artery disease through decreases in lipid peroxidation and cholesterol levels. 20) The alkaloids present in Coptidis Rhizoma (berberine, coptisine, jateorrhizine and palmatine. . .) were considered to be its active constituents. 21, 22) Among them, magnoflorine is a quarternary alkaloid with the isoquinoline skeleton. Magnoflorine was showed to suppress the induction phase of the cellular immune response, 23) and assigned as noncytotoxic to various human cancer cell lines. 24) The antioxidant activity of magnoflorine was investigated with respect to its structural feature and physico-chemical properties to inhibit free radical, peroxidation of dioleoyl phosphatidylcholine, and liposomes initiated by thermal degradation of the azoinitiator (AAPH). 25) However, no studies have been specifically investigated the ability of this antioxidant to protect human density lipoprotein from oxidation. In this study, we examined the susceptibility of HDL to in vitro Cu 2ϩ and AAPH induced lipid peroxidation in the presence of magnoflorine. Also, the study of magnoflorine/ Cu 2ϩ oxidized HDL in preventing LDL oxidation was used to investigate whether the inclusion protects LDL from oxidative modification. C-NMR spectral data were in accordance with published paper. 23, 24) HDL and LDL Preparation Blood from healthy normolipemic donors was obtained by venipuncture and collected in EDTA-containing vacutainer tubes. LDL was prepared from plasma by sequential flotation ultracentrifugation as described previously. 26) To isolate HDL, plasma was prepared by centrifugation at 3000 rpm for 10 min and thereafter used for the preparation of plasma lipoproteins. HDL was isolated from plasma by ultracentrifugation for 1:30 h with a vertical rotor. 27) After dialysis at 4°C for 24 h against 10 mM phosphate-buffered saline (PBS) pH 7.4, HDL protein concentration (mg protein/ml) was determined as described by Lowry et al.
MATERIALS AND METHODS

Plant Material
28)
Cu
2؉ Mediated HDL Oxidation The oxidation of HDL was assessed by the formation of conjugated dienes determined as the change in UV absorbance at 232 nm. Briefly, HDL (200 mg/ml) in PBS (pH 7.4) was pre-incubated with either the absence (control) or presence of magnoflorine (various concentrations), and then Cu 2ϩ (5 mM) was added to initiate the oxidation at 37°C. Absorbance at 232 nm was continuously monitored at 10 min intervals for 5 h at 37°C using a spectrophotometer (Shimadzu UV-1240, Tokyo, Japan). The lag time was measured as the intercept between the baseline and the tangent of the absorbance curve during the propagation phase. 29, 30) The oxidation of HDL to malondialdehyde (MDA) was measured using the thiobarbituric acid reactive substances (TBARS) assay. Briefly, HDL (200 mg/ml) in PBS (pH 7.4) was pre-incubated with magnoflorine, and then Cu 2ϩ was added to initiate the oxidation. The reaction mixture was incubated at 37°C for 2 h and the reaction was terminated by adding 20% trichloroacetic acid (TCA) and 1% thiobarbituric acid (TBA). After boiling at 95°C for 15 min, the mixture was centrifuged at 10000 rpm for 10 min. The absorbance of supernatant was measured at 532 nm.
Peroxyl Radicals Mediated HDL Oxidation Oxidation of HDL by peroxyl radicals was performed by incubation of the HDL (200 mg/ml) at 37°C in PBS (pH 7.4) with one of the thermo-labile radical initiator (AAPH) for 2 h. AAPH (10 mM) served as a source of hydrophilic peroxyl radicals. 31) At the end of the incubation, samples were also assessed by measuring accumulation of lipid aldehydes (TBARS) as described above.
Effect of Magnoflorine/Cu 2؉ Oxidized HDL in LDL Oxidation HDL (1000 mg/ml) was pre-incubated with Cu 2ϩ (5 mM) for 1 h in the presence or absence of magnoflorine (0-10 mM) in PBS buffer (10 mM, pH 7.4) at 4°C. Native HDL or oxidized HDL (0.1 mg/ml) was incubated with LDL (0.1 mg/ml) in the presence of Cu 2ϩ (0.5 mM) at 37°C, and 3 h later, the lipid oxidation was assessed by the measurement of peroxide values as described previously.
32)
The inhibition of LDL oxidation by HDL under these conditions was calculated according to the formular: 
RESULTS AND DISCUSSION
Numerous studies have found that HDL is readily modified using a variety of oxidants in vitro. These include transition metal ions, aqueous peroxyl and hydroxyl radicals, aldehydes, peroxidase-generated tyrosyl radical, cigarette smoke, lipoxygenase, hypochlorous acid, cultured endothelial cell, and macrophages. 9, 33) As part of an ongoing study to search for antioxidants from traditional medicine plants, we have focused on the water layer of Coptidis Rhizoma with the expectation that we could find out more anti-lipid peroxidation agents. Repeated column chromatography led to the isolation of a colorless crystal compound. This compound was identified as magnoflorine by analyses of MS, NMR data, and comparison with those in the literature (Fig. 1) . 23) Since the formation of conjugated dienes represents the initiate phase of HDL oxidation, the extent of lag time is indicated as oxidation resistant capacity of HDL. As shown in Fig. 2 , spectrophotometric analysis of Cu 2ϩ -induce HDL oxidation based on the conjugated dienes formation due to the unsaturated lipids is presented. When the HDL was incubated with Cu 2ϩ alone, the lag time was 62 min, whereas, in the presence of magnoflorine (3.0 mM), the lag phase was retarded to 123 min. In this experiment, the lag phases of vitamin C (3.0 mM) and vitamin E (3.0 mM) retarded to 97 and 145 min, respectively ( Table 1) .
The oxidation of HDL initiated by Cu 2ϩ and thermo-labile radical initiator AAPH was also measured by the formation of malondialdehyde (MDA) using the TBARS assay. As shown in Table 1 , the compound tested remarkably reduced the formation of TBARS, comparable to the results of conjugated diene formation. Magnoflorine exhibited significant Oxidative modifications that would affect the capability of HDL to protect against atherosclerosis are of considerable importance and interest. The exact beneficial effects of HDL in vivo remain unknown. HDL may also be protective by inhibiting the oxidation of LDL, and by neutralizing the atherogenic effects of oxidized LDL. 9) However, certain forms of oxidized HDL may actually enhance protection by stimulating the delivery of intracellular cholesterol to cell surface sites where it becomes available for removal by other (non-oxidized) HDL particles. 10) Lipid oxidation in HDL is promoted by a variety of factors. In this study, we used Cu 2ϩ , a metal ion-independent oxidant, and AAPH, a hydrophilic peroxyl radicals as the activation sources. That is consistent with those of numerous other investigators who reported that lipids in HDL are highly susceptible to oxidation during incubation with Cu 2ϩ and AAPH. 13, 27, 31) Although there have been a number of reports on the designing and development of synthetic lipid peroxidation inhibitors, that were necessary for those other studies, which have been reported the HDL oxidation inhibitors derived from medicinal plants. 27, 30) Specially, boldine, an antioxidant alkaloid isolated from Peumus boldus, which has similar chemical structure with magnoflorine, has been well established to have free radical scavenger, prevents the oxidation of LDL in vitro and in vivo. 34) Our results clearly demonstrate that magnoflorine significantly inhibits lipid oxidation in HDL exposed to a metal ion-independent form and peroxyl radicals mediated of oxidant stress. Magnoflorine, even at low concentration (3.0 mM) could exert a protective effect against Cu 2ϩ induced lipid peroxidation of HDL, as showed by decrease the lag time of conjugated diene process. Interestingly, magnoflorine is more effective than vitamin C but less than vitamin E by retarding lag phase (Fig. 2) , and further evidence by TBARS method (Table 1) . Since magnoflorine was a more effective antioxidant in the metal-dependent pro-oxidant system (2.3 mM) compared to the peroxyl radical system (6.2 mM), metal ion chelating properties may underlie magnoflorin's apparent antioxidant effects towards HDL oxidation in vitro. In addition, HDL has been recognized to have antioxidant action to protect LDL from oxidative modification, this might be supported by present finding that the oxidized HDL, prepared from the exposure of HDL to Cu 2ϩ in combination with magnoflorine, exerted an antioxidant action against LDL oxidation.
The antioxidant effect of magnoflorine is due to its chemical structure. Magnoflorine is an alkaloid bearing two free phenolic groups. The presence of aromatic-OH group may be responsible for their antioxidant efficiency, similarly to phenolic antioxidants, 35) via chain-breaking mechanism by donation of phenolic hydrogen. Moreover, magnoflorine showed a lower value of O-H bond dissociation energy, and highest occupied molecular orbital surroundings of the reaction center, which have been identified as important requisites for both chelating and radical scavenging activity and explaining the higher antioxidant efficiency of the former compound. 25) The hypothesis that Coptidis Rhizoma would be useful as an alternative therapy for hypercholesterolemia, thus, mag- noflorine and some other constituents are able to play an important roll on reducing oxidative stress, prevent the development and progression of athesclerotic disease. In summary, our results demonstrate that magnoflorine could inhibit lipid oxidation in HDL but the cardioprotective ability of this lipoprotein fraction in combination with magnoflorine to prevent atherogenic modification of LDL should be more preserved.
